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patients. 8 Measurement of amino acid 
kinetics in the fed state would be another 
method to better document enhanced pro-
tein synthesis; that would involve the 
administration of two isotopes, one given 
orally and the other intravenously. Th is 
study also does not explain the mechanism 
of how excessive GH overcomes target tis-
sue resistance; it is not unlike giving large 
doses of insulin to patients with type 2 dia-
betes. We also do not know whether the 
 hormonal changes could be translated to 
improved physical performance. 
 Why, one might ask, should we be inter-
ested in this new analog of GHRH when 
rhGH and IGF-1 are available and have 
been used with some success? First, both 
GH and IGF-1 exert a negative-feedback 
eff ect on the hypothalamus and the pitui-
tary and thus downregulate endogenous 
production of these two hormones. 
In using a GHRH agonist, one can keep 
the endogenous production upregulated. 
Second, treatment with a GHRH agonist 
maintains the pulsatile nature of GH 
secretion, and this rhythmicity is of 
important physiological consequence. 
Th ird, no previous studies using rhGH 
had documented any solid increase in fat-
free mass in CKD patients; most reports 
showed only short-term eff ects such as 
enhanced protein synthesis during isotope 
infusion, increased amino acid uptake, or 
positive nitrogen balance. 
 Niemczyk  et al. 7 found no serious 
adverse events with the new agonist. 
However, there are many potential side 
effects from prolonged GH therapy, 
including fl uid retention, arthralgia, car-
pal tunnel syndrome, hyperglycemia, and 
maybe some features of acromegaly. Th e 
new agonist, in this study, was found to 
increase both fasting insulin and glucose, 
suggesting insulin resistance. While GH 
confers a state of insulin resistance, 9 IGF-1 
enhances glucose clearance and did not 
increase serum insulin. 10 Th us, it appears 
that, in the study by Niemczyk  et al. , 7 GH 
exerted a dominant effect on glucose 
metabolism. It is comforting to know that 
the hormonal changes returned to baseline 
level aft er discontinuation of treatment. 
 If further studies confi rm the same ana-
bolic phenomenon in CKD patients, the 
new drug could conceivably be tried in 
many other population groups. 
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 During mid-embryogenesis (embryonic 
day 10.5 of mouse development), the ure-
teric bud emanates from the nephric duct 
and contacts the adjacent metanephric 
mesenchyme. Th is process constitutes the 
fi rst step of defi nitive nephrogenesis. Th e 
ureteric bud undergoes branching mor-
phogenesis and eventually gives rise to the 
ureter, the renal pelvis, and the collecting 
duct system. The metanephric mesen-
chyme contains committed progenitors 
that, as a result of interactions with the 
ureteric bud, diff erentiate to generate the 
nephron. Th ese processes are critical for 
kidney development and, when perturbed, 
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 ROCK inhibition facilitates tissue 
reconstitution from embryonic 
kidney cell suspensions 
 Kai M.  Schmidt-Ott 1 
 Explanted embryonic kidney tissues, when placed in organ culture, 
recapitulate key aspects of nephron formation. Yet attempts to 
dissociate these tissues into single cells to make them more accessible 
for genetic manipulation and tissue recombination have been 
disappointing. Now it is reported that inhibitors of Rho-associated 
kinase (ROCK) facilitate tissue reconstitution and nephron 
differentiation from single-cell suspensions of the embryonic kidney. 
This finding illustrates an unexpected potential for self-organization in 
these cells and introduces a window of single-cell accessibility to the 
organ culture system. 
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constitute the basis of congenital defects 
of the urogenital tract. 
 Th e study of kidney development has 
been greatly aided by organ culture tech-
niques. Mouse embryonic kidney, when 
explanted on embryonic day 10.5 or later, 
can be placed on fi lters and cultured at 
the medium – air interface. In this setting, 
the ureteric bud undergoes branching 
morphogenesis, and the metanephric 
mesenchyme converts into nephron epi-
thelia. Importantly, the nascent epithelia 
display the segmental patterning typical 
of embryonic nephron epithelia,  including 
properly positioned (avascular) glomer-
uli, proximal and distal nephron segments 
(all derived from the meta nephric 
 mesenchyme), and a distally connected 
collecting duct system (derived from the 
ureteric bud). 
 Clifford Grobstein first introduced 
organ culture of the embryonic kidney in 
1953. 1 In a seminal study, he demon-
strated that the metanephric mesen-
chyme, when isolated from the ureteric 
bud by trypsination and manual dissec-
tion, was competent to undergo nephron 
diff erentiation in the presence of a sur-
rogate inducer, spinal cord. Spinal cord 
was eff ective immediately, in contrast to 
the ureteric bud, which fi rst had to branch 
for 1 to 2 days before becoming eff ective 
as an inducer of nephron tubules. Th is 
study established the experimental basis 
of studying tissue interactions in the kid-
ney. In an elegant follow-up study, Auer-
bach and Grobstein demonstrated that 
the metanephric mesenchyme, when dis-
sociated to single cells and recombined 
with dissociated spinal cord, was still 
competent to produce nephron-like pat-
terned structures. 2 This suggested a 
marked self-organization potential of the 
dissociated cells. 
 While tissue dissociation and reaggre-
gation is successful in the setting of 
 heterologous recombination (spinal cord /
 metanephric mesenchyme), single-cell 
dissociates of the whole embryonic kid-
ney have a very limited potential for 
reconstitution and self-organization. 3 In 
this situation, the dissociated ureteric bud 
appears to lose much of its capacity to 
branch and induce adjacent metanephric 
mesenchyme. Consequently, single-cell 
reaggregates develop into nephron-like 
structures only rarely, and, if so, only to a 
limited extent. 
 Now the study by Unbekandt and Davies 4 
(this issue) introduces a new step, treat-
ment of reaggregated single-cell suspen-
sions with Y27632 or Glycyl-H1152 
dihydrochloride. These substances are 
inhibitors of Rho-associated kinase 
(ROCK) and, surprisingly, facilitate sur-
vival, reaggregation, and reinitiation of 
branching potential in the ureteric bud 
compartment ( Figure 1 ). Rho-associated 
kinases are eff ectors for the small GTPase 
Rho and participate in diverse cellular 
processes, including actin cytoskeleton 
dynamics and the regulation of gene 
expression. Notably, ROCK inhibitors 
have recently been demonstrated to 
inhibit dissociation-induced apoptosis of 
human embryonic stem cells. 5 In addi-
tion, Y27632 has previously been shown 
to enhance ureteric bud growth in explant 
cultures. 6 Th is suggests that ROCK inhib-
itors may prevent dissociation-induced 
apoptosis of the ureteric bud, thereby 
facilitating reintegration of dissociated 
metanephric tissues. 
 Accordingly, Unbekandt and Davies 4 
show that ureteric bud cells survived and 
re-formed ureteric bud-like structures in 
tissue reaggregates as a result of ROCK 
inhibitor treatment. Conversely, they 
report that epithelial diff erentiation of the 
metanephric mesenchyme was blocked in 
 Figure 1  |  The new dissociation – reintegration technique introduced by Unbekandt and 
Davies. 4 E11.5, embryonic day 11.5. ROCK, Rho-associated kinase. 
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the presence of ROCK inhibitors. Th is is 
somewhat surprising, given that it has 
previously been reported that Y27632 at 
5   m concentration does not inhibit neph-
ron diff erentiation from rat metanephric 
mesenchyme, 6 but it may be due to the 
higher dosage of Y27632 (10   m ) used by 
Unbekandt and Davies 4 and / or to the dif-
ferences between rat and mouse tissue. 
Th erefore, the authors had to modify their 
protocol: they applied a transient 24-hour 
period of ROCK inhibition followed by 
withdrawal of the inhibitor, predicting 
that this would induce epithelial reconsti-
tution in the ureteric bud compartment 
within the fi rst 24  hours and, later, recon-
stitute a permissive environment for 
nephron induction in the metanephric 
mesenchyme compartment. Remarkably, 
this protocol allowed for reconstitution of 
the major structures of the embryonic 
kidney, including cytokeratin / calbindin-
positive ureteric bud structures and 
Wt1-positive glomerular-like structures, 
as well as megalin-positive proximal 
and E-cadherin-positive distal tubu-
lar structures. This pattern and the 
number of derived structures is very 
similar to what is observed in whole-
kidney cultures, indicating that, in the 
future, the protocol proposed by 
Unbekandt and Davies 4 may provide a 
useful tool whenever single-cell disso-
ciation is required and organotypical 
reconstitution is desired. 
 What are the future applications facili-
tated by this dissociation – reintegration 
technique? First, tissue recombination 
of embryonic kidney tissues is now 
possible on a single-cell level. Th is will 
allow the generation of  in vitro chimeras 
derived from genetically hetero-
geneous sources. As a fi rst step toward 
this application, Unbekandt and Davies 4 
labeled dissociated embryonic kidney 
cells with a tracing dye and recombined 
them with unlabeled kidney cells. 
Th ereby, they were able to generate fi ne-
grained chimeras with a salt-and-pepper 
pattern of labeled and unlabeled cells in 
diff erent epithelial compartments. Th is 
diff erential labeling technique may also 
be helpful in facilitating real-time tracing 
of labeled cells  in vitro in order to follow 
the process of self-organization observed 
following reaggregation. 
 In addition, the cell dissociation step 
introduces a window of single-cell 
accessibility to the organ culture system. 
Th is may help in transfecting plasmids 
or small interfering RNAs (siRNAs). 
Previous efforts to target embryonic 
kidney tissues using transfection tech-
niques have been disappointing, which 
may be largely due to the poor accessi-
bility of the ureteric bud and the 
metanephric mesenchyme, which are 
buried underneath a layer of stromal 
cells. Jordan Kreidberg ’ s laboratory 
introduced microinjection of plasmids 
at specifi c sites followed by electropora-
tion, which facilitates high-effi  ciency 
gene transfer at the site of  injection. 7 
Adenovirally mediated gene transfer 
following trypsination and microdissec-
tion of the rat metanephric mesenchyme 
and demonstrated targeting of Pax2-pos-
itive epithelial progenitors has previously 
been used. 8 However, in the whole-organ 
kidney culture system,  neither the ureteric 
bud nor the meta nephric mesenchyme is 
eff ectively targeted by plasmid transfec-
tion or adenoviral gene transfer. Th e new 
dissociation – reaggregation system intro-
duced by Unbekandt and Davies 4 may 
now introduce an opportunity to over-
come these problems. 
 As a fi rst step, the authors transfected 
single-cell suspensions with siRNA 
 targeting the transcription factor Wt1, 
which is known to be critical for meta-
nephric mesenchyme diff erentiation. 
When they subsequently applied the 
reaggregation technique, they observed 
a marked knock-down of Wt1 and a cell-
autonomous inhibitory eff ect on neph-
ron diff erentiation from metanephric 
mesenchyme. Although this observation 
is limited to one siRNA tested, the result 
suggests that siRNA-mediated knock-
down of metanephric mesenchyme-spe-
cific genes may now be possible. It 
should be noted that previous reports of 
siRNA-mediated knock-down in the 
explanted embryonic kidney were con-
troversial, and results have been variable 
across diff erent laboratories. Th erefore, 
the fi eld will eagerly await further tests 
of the system, including usage of diff er-
ent siRNAs targeting transcripts in the 
meta nephric mesenchyme as well as in 
the ureteric bud. 
 Similarly, it is unclear how effi  cient 
gene transfer by plasmid transfection 
can be achieved with use of the new sys-
tem. Unbekandt and Davies 4 used con-
ventional lipid-based transfection of 
fl uorescent protein-encoding plasmids 
at the stage of single-cell dissociation. 
They demonstrate plasmid-encoded 
gene expression in a subset of cells fol-
lowing dissociation, but it remains 
unclear whether this technique eff ec-
tively targets the epithelial / progenitor 
compartment of the embryonic kidney. 
Usage of alternative transfection 
techniques or virally mediated gene 
transfer may further enhance the utility 
of this system. 
 In sum, although open questions 
remain, this new organ culture technique 
is a promising step toward improved 
accessibility of embryonic kidney cells. 
It illustrates in an impressive fashion the 
self-organization potential of cells in the 
embryonic kidney and may provide an 
important groundwork for future  in vitro 
studies of the developing kidney. 
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